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N.4TIOYAL AEROXAUTICS A!iD SPACE A E v ~ I K I S T F ~ I T I O N  

C OXTRACT IJSS-5 -9226 

TECHNICAL STATUS I'dPQIT NO. U+ 
(Decenber 11, 1966 thrortgh March 31, 1967) 

---- SUI4MARY: 
c e l l s  arid others t!cm requested f o r  I t z n  2 and 3 ce l l s .  
the CIL were re-rised. 
procedures were made and minor changes Ln other areas are described. 
The Qualification Test for I t sn  1 c e l l s  was compl-sted and some of the 
datz  are suiirimarized. A Sclie6ulo i s  given together with present s t a tus  
f o r  the c e l l s  of Item 2. 
separator ms"x4.a.l before ttrollerbtl proccssing by DRTE and pcmiec.bilri.ty 
a f t o r  processing is diucuwed, Sonotone i s  preparing t o  use t h i s  msthod 
of increasing permabi l i ty  . Meetings which were held a re  described. A 
Quality Assurance roport and a copy of the log  of s ign i f icant  qual i ty  
events are included, 

Specification ch.mges were requested and granted for  I t o r n  1 
Jlrawings and 

Improveaents i n  plate  t e s t ing  equip3ent and 

Data are presented on a i r  permeability of 

A. Changes i n  the specification, applying t o  Item 1 cells, were recelved 
as Modifications 6, 7, 8, 10 arid U.. 
which agreement u s  had at the m e t i n g  of  February 1. 

These changes were those on 

B. As discussed. a t  that meeting and the nieetirrg at NASA, GSFC of 
February 24? we sent, on llarch 16, a l i s t  of "Recoxmended Changes 
i n  S-615-P2I1, f o r  c e l l s  of Items 2 and 3, together with the l a t e s t  
date on which decisions were needed so tha t  the delivery schedule 
will not  be affected. These dates r a g e  from Ap?-il 1 to May 1. 

C. On March U ,  we issced EL revised Conformation Ident i f icat ion L i s t  
and accompanying drswings. 

I11 EQUIYI3ZNT -ANI3 FACZLITIE3 : L 

A .  The tw " O ~ I  cell t e s t "  units  have bsea redesigned and a re  being 
rebui l t .  
been made which indicn'ce that  be t te r  yields  of plates with sat isfac-  
tory capacity m a  OeFng obhined. 
( 

The first uni t  was coinpleted i n  hiarch and several  runs have 

The secoad u n i t  is  being reconstructed 
a l s o  Ssction VII) arid we expect that it w i l l  be comp'l-eted earLjr i n  
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A p r i l  12,  1967 

Nationzl Aeronautics and Space A d - m i n i s t r  at.ion 
Goddard Space Flight Center  
Glenn Dale Road 
Greenbelt, Maryland 

At.tention: Contracting Officer, Cod-e 246 

Gentlemen: 

We are enclosing one copy of *tTechnical Status  
Report No* l k t t  covsring the period of December 11, 1966 
th.rough March 31, 1967. 

We are a lso sending copies t o  the others on the 
d i s t r ibu t ion  l i s t  of Request No. 615-31914, modified 
by l e t t e r  of December 19, 1966 (Code 246/CKM/1llgb), as 
noted below. 

Sincerely yours, 

SO NOT ONE COB? O;>rd%I ON 

GAB : svb 
Encl 

George- A .  Bamstark 
Project fhnager 

cc: dl t o  NASA, GSPC, Technical- Information Division, Cod-e 250 
2 t o  NASA, GSFC, Technical Director, Codc 615 
2 t o  DRTZ, Ottawa, Chief Superintendent 
1 t o  RCk-Victor Company, L t d  , ISIS Spacecrzft Department 
1 t o  W. i3. Threinen 
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B. 

C. 

D. 

E. 

Training of employees is being continued so tha t  we have a t  l e a s t  
two psople who are  qual i f ied and have DCAS ce r t i f i ca t ion  t o  perform 
each operation. 
c r i t i c a l  o p r a t i o n s  as t t o p n  c e l l  testing", core assembly and 
welding operations. 

T h i s  is par t icular ly  important f o r  such key and 

To expedite the Itopen cellt1 t e s t ,  we have arranged t o  have qualified 
operators present for* approximately 10 hours each day so that a batch 
of plates  can be processed each day rather  than one batch every second 
day. A t  present, unt i l  a second ce r t i f i ed  operator i s  available, 
overtime has been authorized t o  accomplish th i s .  

The pla te  handling, assembly and test  equipment have been rearranged 
t o  give an improved flotr and to  f a c i l i t a t e  the operations. 
benches, which have dust-free cabinets with f i l t e r e d  a i r  under 
posit ive pressure, a re  being provided. 
being given a ftsummer-wintertt temperature control f o r  more uniform 
and closely regulated temperature. A vestibule, j u s t  inside the 
entrance, i s  being b u i l t ,  which w i l l  provide be t t e r  shielding of the 
High Rel iabi l i ty  area from tho r e s t  of the plant. 

Work 

The air-conditioning unit i s  

Storage of pl-ates arid core assemblies has been improved. When plates  
o r  assemblies, which a r e  subject t o  czrbon dioxide contamination, a re  
not  being actual ly  used o r  tested they a re  stored, a f t e r  wrapping i n  
vinylidene chloride-vinyl chloride copolymer (Saran) f i l m ,  i n  c l ea r  
polystyrene boxes with t igh t ly- f i t t ing  covers, The permeability t o  
carbon dioxide i s  nmch lower f o r  thiu Saran f i l m  than for polyethylene 
film which had been used. The pernieabilitios fo r  the three materials, 
polyethylene, polystyrene and vinylidene chloride-vinyl chloride 
copolymer a re  1000 t o  6000, approximately 1000 and 12  cc/lOO sq. 
in/% hours/mil respectively. 

IV. A .  1TEE.I 1 CELLS 

As agreed on November 15, 1966 (see S c t i o n  I11 of Heport No. 13) c e l l s  
from the group Nos. 272 through 310 were submitted t o  Qixtlification Tests 
f o r  delivery as Item 1 cel l s .  These t e s t s  were completed on March 28 and 
t en  c e l l s  were sen t  t o  the shipping department; the remaining nine c e l l s  
were scheduled t o  remain a t  Sonotono as GFE f o r  fur ther  tests t o  be author- 
ized  by NASA and DRTE. 
February 1 (see Ssction VI: B 1). 

These ce l l s  were selected during the meeting of 

Copies of t he  t e s t  data are being forwarded according to  the contract. 
The da ta  a re  br ie f ly  summarized here: 
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Capacity a t  +25Oc: 
Capscity a t  -5OC: 
Capacity a t  +4OoC: 

Overcharge a t  -5OC: 

8.8 t o  10.9 AH 
10.6 t o  12.6 AH 
6.5 t o  8.5 AH (1 c e l l  a t  6.5; 
2 a t  7.0; 1 a t  7.1 AH) 

pressure, a l l  constant a t  120 hours, 
5 above 150 psi;  2 between 100 and 
150 psi ;  13 below 100 psi .  
Voltage, 1 above 1.56, none above 
1.58 vol t .  

0.756 t o  0.958 v o l t  
voltage a f t e r  24. hours, 

1.183 t o  1.204 with 5 above 1.20 
vol t ;  one cell (#309) fa i led,  0.06 
v o l t  a t  ?A hours. 

(hnge  444 t o  460 grams f o r  the ten 
cells being shippzd) 

"Pulse Test" (85 anpores): 

Whort Charge Retention Test": 

voltage a f t e r  10 seconds 

Cell Weight (less adapter): l o t  average 451 grams, 

B. ITE4 2 C3:LJ.S: 

1, Two l o t s  of plaques and plates which we had planned t o  use f o r  these 
cells were rejectod. 
700 negative) procossod i n  November and Decenber 1966 could not be 
used because they wero beyond our specified length, thickness and 
weight requirements. Because of thickness they could not be rol led 
t o  provide "coresrf which would fit i n t o  the c e u  case, and the 
resu l tan t  weight, it tras es t imted ,  would result i n  c e l l s  whose l o t  
average weight would be approximately 4.70 grams. 
l a t e  January, The next l o t  of 160 posit ive plaques gas found t o  be 
too heavy and thick on Feblrclarg 17. 

Tho first l o t  of cu t  plates  (700 posit ive and 

"his occurred i n  

2. A t h i rd  l o t  of plaques (200 each posit ive and negative) w a s  sii1tei.d 
and has been processed. This group (see Soction VI1 Schedule) w i l l  
give us suff ic ient  plates  t o  conplote Lot 2 cella and approximately 
half of those needed fcr Lot 3 cells. 
posit ive and 200 negative plaques was ordered on March 15 ar,d i s  
being sintered. 

Referring t o  the Schedule (Addendum 1) L o t  1 consists of 10 c e l l s  
(Nos, 311 - 320) which contain plates  s imilar  t o  those used f o r  c e l l s  
273 - 310. 
cells with sepsrator which h a s  been ftroller-manipulatedfl t o  increase 
pernieability (sce Section V). l'hus, we w i l l  have an e a r l i e r  evalu- 
a t ion  of the separator, about one month, than were we t o  wait f o r  
cells with new platzs.  
c e l l  320) to  another '!opan-colltf t e s t  which may reduce the carbonate 
content of e lectrolyte .  

An additional batch of 300 

These will give enough plates  f o r  Lot 4 ce l l s .  

3. 

Agreemcnt was obtained from NASA and DRTE t o  use these 

V2 have a l so  subjected plntes (except those i n  
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These ce l l s ,  if they prove sa t i s f ac tow on our screening test, 
Phase F, w i l l  be edded t o  c e l l s  from Lot 2 f o r  the Qualification 
Test. 

' 

4. Plates f o r t h e  Lot; 2 c e l l s  have completed processing, some are  
ready f o r  open-cell t e s t s  and it i s  expected that enough w i l l  be 
tes ted t o  a l l o v  c e l l  assembly t o  s t a r t  during the week of April 10. 
If our yields  i n  tlopen-celltl t e s t  a re  higher than those used i n  our 
estimates f o r  the Schedule, we expect t o  be able to  s t a r t  more than 
24 c e l l s  on Qualification Test. Since there may be 8 t o  10 c e l l s  of 
Lot 1, we may very well obtain 36 t o  38 c e l l s  i n  Lot  2, as the y ie ld  
of the Scrcon Test (Phase P) .  
as 33 t o  32 c e l l s  as the f i n a l  y i e ld  fo r  Lot 2 i n  addition t o  approx- 
imately 8 c e l l s  from Lot 1. 

. 

This means that we may have as many 

V. SEPAR4,TOZ : 

A. Since the c e l l s  from Nos. 273 - 310 which were made with separator 
which had been Pl?nipdat.e? by hand gave overcharge charac te r i s t ics  
(pressure and voltage) which were far superior t o  previous co l l s ,  it 
was decided t o  use separator whose permeability i s  increased t o  80 t o  
120 C F K  
woven material i s  qui te  variable i n  permeability even within the area 
used i n  a single ca l l .  A report  by Mr. Paul Scardaville on separator 
va r i ab i l i t y  i s  included as Addendum 2. A s  an emmple, there was per- 
meability va r i ab i l i t y  within a 6 inch x 5 foot  sample measured on a 
2 inch c i r c l e  as great  as 56 t o  1x5 CF'M on the material  (before 
manipulation) being used f o r  Lot 2 and 3 ce l l s . -  Bale 681019, Roll 6 .  
Furtk.,or, i n  the 6 r o l l s  consti tuting &le 681019, w e  f ind values 
between 4 l  and L$7 CEPI. 

DRTE and DCBRL developed a method fo r  t rea t ing  the material  by passing 
it betveen a hezvily-k_n~l?_rled s t e e l  roll and a rubber r o l l  of t he  type 
used i n  hand wringers f o r  removing excess water from washed cloth. 
They offered to  process material fo r  use i n  the ce l l s .  On February 7, 
we sent  40 pieces each 6 inch by 5 f e e t  and 31 of these were returned, 
with higher permeability, on March 7. There was such va r i ab i l i t y  that 
it was found necessary t o  do select ive treatment within each piece, as 
many as 300 "passes'' being required. 
s m a l l  areas that were quite "thintr  as viewed against  br ight  l i g h t  and 
these were deleted. Each of these pieces, were there no Irthintt areas 
which cznnot be used, could be cu t  in to  4 smaller pieces of  t h e  shape 
used i n  the c e l l  s o  there would be 124 avai lable  vhich would be enough 
f o r  4.1 c e l l s  ( 3  pieces per ce l l ) .  
obtained enough for  approximitely 30 ce l l s .  

It is  very d i f f i c u l t  t o  hold t h i s  range because the non- 

B. 

Due t o  th i s ,  there were sone 

Due t o  the deleted portions, w e  
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I .  

I Later, on E,jarch 10, 36 more pieces a l so  taken from Boll  6 of Bale 
681019 were given t o  Mr. C. hhckie for  manipulation. 
been sen t  back but have not been received ye t ,  

These have 

Data on permeability were sent us by DRTE. Our readings on these 
pieces are i n  general agreement considering the great  va r i ab i l i t y  
even within mall areas. 
within a 6 inch diameter area, wo found var ia t ions as grea t  as 115 
t o  170 CFE. 

For emmple, on these 2 inch c i r c l e s  taken 

C. We now have, on loan, the knurled r o l l  which was used and w i l l  
assemble it i n  awringer frame s o  t h a t  we w i l l  be able t o  increase 
the permeability of separator material  a t  Sonotone. 
ready f o r  use w i t h i n  a few weeks. 

This should be 

Within two t o  three weeks we should have results of the tlscroen testft 
(including overcharge) on cells 311 - 320 mde with t h i s  ftprocessedff 
separator (see Ssction I V  B3) .  

D. The questioii wti s  raised cicring the FeZmary 1 iiitetiiig (sea Section 
VI B l )  as to  the re la t ive  amounts of separator i n  the ffF't cel ls  of 
1961 (35059-1) used i n  the Alouette Satellite and the present Isis 
cells (37805). 
than lo$ as we s ta ted  a t  the meeting. 

b/o investigated t h i s  and find tha t  they vary loss 
Data a r e  sumnarizcd thus ; 

Separator t o  plate  volme 
Alouette F ISIS 

36 4 sq, in .  
cu, in, 

Separator t o  core assembly weight a. g r ~ m  in. 
S e p m t o r  t o  e lectrolyte  weight s q ,  in. 

g r a  

0.67 

3.94 

0.63 

3. bcz 

A.Sonototlo 
In addition t o  many meetings of people d i rec t ly  concerned with problems 
which arose, the follcming generzl meetings were held. 

1. On January 11, 1967 t o  discuss t h e  s t a t a s  and future  prospects. 

2. On February 23, p rep r s to ry  t o  a meeting a t  NASA-GSFC concorning 
the schedule and f i n m c i a l  matters. . . 

3. OR February 28, on the schedule and drawing changes. 

4 .  Also on Feb. 28, a complete review was mda of a l l  drawings and the 
Cmfomiation Identification List. 
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1. 

2. 

3. 

4 .  

5. 

6.  

A Design Review l'Iecting was held a t  ELmsford with representatives 
of NACS4-GSPC, DHTE, DCBRL and HCA-Montreal on January 31 and 
Febru:iry 1, 1967. 
Addendun 3. 

A sumjnsry of t h i s  meeting is attached as 

A meeting took place a t  NASA-GSPC on February a,, concerning schedul-e, 
f inancial  matters and s p c i f i c a t i o n  changes. 

On k r c h  1 and 2, Messrs. R. T. Schools of IJASA and J.F.T. Tennuci 
of DRTS vis i ted  Cold Spring and Elmsfosd on Quality Assurance 
mattsrs, The m i m t 3 s  of t h i s  meeting, preparod by Mr. S .  Herzlich 
cons t i tu i s  Addendurn 4 of this report. 

On March 10, M r .  P. Scsrdaville and I met Messrs. E. D. Nelsen of 
NASA and G. blackie of DRTE and D r .  T. E. King of DCRRL a t  the 
off ices  of American Fel t  Co. i n  Glenville, Conn. P r o p r t i e s  of 
t h i s  non-woven polypropylene c lo th  and means t o  be tslten t o  improve 
it f o r  use a.s sepsrg.tox* were the subjects of t h i s  meeting. 

Ia te r ,  on March 19, Messrs. Nelsen, King and 14.ackic v i s i t sd  us i n  
Elinsford and were infoirnod of  w h a t  w e  were doing t o  imprope fne 
delivery schedule. 

Through fraquont tdephone ca l l s  we have kept Messrs. G. blackie of 
DH"I'J3 and E. D. Welsen informed about the s t a tus  of t h i s  project. 

A schedule f o r  the delivery of a l l  remaining ce l l s ,  I t sns  2 and 3, of  t h i s  
contract  i s  attached as Addendm 1 together with the ac tua l  progmss i n  the 
forni of bars d i rec t ly  beneath the schedule bars. The bars a r e  d i f fe ren t  so 
that the succsssive phases can be separately ident i f ied as t o  their  liilt'lal 
and f i n d  date. 
"ints-ruptzd" solely fo r  the purpose of separation. 

Thus, the schedule bars a r e  a l te rna te ly  nsolidlf  and 

The operations s t s r t i n g  with s inter ing and ending w i t h  conpletion of the 
Qualification Test are divided i n  eleven phases, deiiotsd A thru K. These a re  
sumarized a t  the rizli t  msrgin of the schedule sheet  and a re  given i n  greater  
de t a i l  here. 

A. S i n t s r h x .  This includes t e s t s  of thickness, weight and porosity, 
coining, special  coining, resintering, welding of tzbs and visual 
inspection. 

This includes iapregmtion with act ive material, 
fortnation  EL^ plaques and several  weighing and inspzction opsrs t ions .  

B. P l a u c - ~ ~ o ~ j ~ .  
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c. 

D. 

E. 

F. 

G. 

H. 

J. 

K. 

P r e p . z _ ~ ~ $ & o & ~ ~ t ~ ~  f o r  open c e l l  tos  t i ng  including cutting, weld- 
ing  of tabs, weighing and inspection. , 

op;3n CcJ-1 Tost-inz which includes assembly with separator and pla te  of 
opposite polarity,  chocking f o r  f1shoi*t3f1, charging, discharging, 
washing of plates, drying, weighing and inspection. 

--u1 Assembll which s tsrts with selection of posit ive end negative plates 
according t o  capacity and weight t o  provide c e l l s  which w i l l  meet 
weight, weight range, capacity, capacity range and negative-to- 
posi t ive capacity ra t io .  
material, the tabs a re  welded t o  cover and case, insulcitors arc3 
inser tsd,  the cover i s  welded i n  place. 
operations and coinponant weights a r e  recorded. 

The p l s t e s  a re  then rol led with separator 

There are s ever31 inspection 

-----' Screen Test 
spersed with e lec t ro ly te  carbonate de termination and ltflushingfl with 
fresh electrolyte  t o  lorax  the potassiiun carbonate content t o  below 
4.05. From 6 t o  9 charge-discharge cycles are  anticipated.  This i s  
then fo3loiwd by an overcharge a t  -5OC f o r  a t  l e a s t  40 hours with 
readings of c e l l  voltage and pressuro. 

This includes several charge-discharge cycles i n t e r -  

Qualifica't;io_n Test. 
and three charge-discharge cycles a t  i-25OC. 

(Jglificatioa Tost-. 

This in i t ia l  portion covers b i n a t i o n  of Product, 

This i3 the 120 hour overcharge t e s t  a t  -5OC. 

Qgil i f icat ion T e s t .  
at both -5 C and +4OoC. 

?"ais phase includes three charge-discharge cycles r-- 

Q i f i c s t i o n  TssA.  This phase includes sealing of ce l l s ,  e lectrolyte  
leakage t e s t ,  vibration, acceleration t e s t s ,  X-ray e d n a t i o n ,  high 
rate discharge (pulse) t e s t  and the charge r e h n t i o n  (voltage after 
llsliortff and minimum charge) test. 

Within boxes a t  upper center and lower center are given the ~~tnnbers of ce l l s ,  
plates or  plaques which are the Itinput" and floutput." of  the several  phao~s. 
The upper box covers Lot 2 where extra  plates  a re  provided t o  enable select ive 
assembly t o  be made t o  meet the weight, weight range, capacity, capacity range, 
and necative-to-positive capacity r a t io .  
used y ie lds  f o r  the various phases based on our experience. 

In order t o  a r r ive  a t  these we have 

There a re  two c r i t i c a l  phases which govern the schedule: 1) flD1f open c e l l  

measuring and r e c a d . n g  equipment, the last  3 days of F, (called 
as G. through J. 

t e s t  and 2)  those phases which require an eriviromental clianbor 
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With the assistance of N.4SA - GSFC i n  procuring components, we expect t o  
be able  t o  have a second Itopon cellIf unit i n  o p r a t i o n  by ear ly  &y so  t h a t  
t h i s  phase w i l l  no longer be a flbottle-neck", and we w i l l  have t h i s  f c c i l i t y  
available fo r  other "space-celln orders. 

The need f o r  environracntsl chamber and associated ecpipnent during the 
approximately I+-$ week psriod called f o r  by Spocification S-615-P-2 moms 
t h a t  no other orders can be handled during the next s i x  months. 
Corporation is  providing f o r  additional squipnont t o  handle these other 
co;nmitments. 

Sonotone 

According t o  t h i s  schedule, assuming our estimated yields ,  etc. a r e  correct, 
we should complete the order about November 20. 
prepared, but i s  not included wiith t h i s  report, based oil a th i rd  set  of the 
c r i t i c a l  Qualification Test equipment (cost $25,000. ) being available about 
July 15. This, we estimate, w i l l  move up the f i n a l  coapletion date from 
November 20 t o  October 26 o r  approximately four weeks, 
is  not i n  a posit ion t o  procure th i s  th i rd  s e t  of the environxental, pressure, 
e t c ,  equipment. 

Another schedule has bocn 

Sonotone Corporation 

It w i l l  be noted that Lot 1 consists of c e l l s  311 through 320 which a r e  being 
assembled from plat93 processed i n  1956. Plaques f o r  Lots 2, 3, o b .  w i l l  be 
processed as required. 
y ie lds  and may be loss or  greater  depending on ac tua l  yields .  
c e l l s  w i l l  be assembled with s e p r z t o r  material  which has been mechanically 
manipulated according t o  the technique evolved by DRTE and DCBKL. We expect 
th i s  material t o  give resu l t s  equal t o  those obtxtined wi.th coUs 273 through 
310 made with "hand manipulatedrt separator and being de1 vered as Item 1 cells. 
Cslls 311 - 320, Lot 1 of t h i s  Schedule, c o n s t i t u h  a t e s t  of t h i s  expectation. 
These c e l l s  w i l l  be carr ied throush phase F and then w i l l  be held f o r  Lot 2 
and carr ied through tho Qualification Test with cells of Lot 2. 

We wish t o  point out t h a t  L3t 2 may very well be greater  than 20 cel ls ,  pro- 
vided the yielc! i n  opsn c e l l  t e s t  (Phase D) exceeds what was used i n  our 
estimates. Tie mxirnun we would expect is 40 ce l l s  for Lot 1 plus Lot 2. 

The quant i t ies  indicated a r e  based on the assumed 
-411 these 

A. Minutes of the meeting with f4sssrs. R. T. Schools of NASA and J.E.T, 
Tennuci of DRTE ar0 included as Addendum 4 .  

B. A report  by Plr. Myron Karsevar, the Quality Control supervisor f o r  the 
High Rel iabi l i ty  u n i t  on Quality Assurance and Quality Status is 
included as Addendum 5. 
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L BATTERY DIVIBION 

U M B M R D .  NEW Yonkc IOSZS 

C. A l o g  of  signiEicsnt qual i ty  events has been kept since b r c h  6, 
Copies of this f o r  Yirch a p p a r  as Addendmi 6. 

D. A report  on permeability of separator material i s  discussed i n  
Section V. A and forms Addendum 2. 

E. The revised CIL and drawings were issued on &rch Ut.. 

F. Ths matter of plate  and core assembly storage i s  discussed i n  
Section I11 E. 
the us9 of an i n e r t  atmosphere, Since carbon dioxide is  present i n  
such smll concentration i n  a i r  . . .0.03 t o  0,07;& , . , there w i l l  be 
only very l i t t l o  increase of carbonate i n  plates  i f  we use a double 
container using materials which have very low permeability t o  carbon 
dioxide. 
i n  an i n e r t  atnosphere such as dry nitrogen, 

It is our opinion t h a t  t h i s  method is superior t o  

This a simpler method arid one equally as effect ive as storage 

G. The operations and general house keeping h v e  been great ly  improved. 
(See a l s o  Section 111 D).  
with carbon dioxide absorbers on the a i r - in l e t  tubes t o  the storage 
bot t les .  

FJectrolyte storage a l so  has been iinproved 

H. kle have given careful consideration t o  the use of the helium leak 
tes t  and have decided t h a t  since \re perform it short ly  a f t e r  i n t r o -  
ducing helium, it i s  a valuablc adjunct t o  the indicator  test f o r  
e l e c t r o Q t e  leakage and we w i l l  continue t o  use both t e s t s .  

Ten coulometers, Kos. C l O l  through C109, were assembled and tes ted i n  
Jamhry and February The t e s t s  included three cycles of charge and discharge 
a t  25OC, 4OoC and -5*C. 
requirements of the specification a t  -5OC, although they had been sa t i s fac tory  
a t  the higher tenperatures. They were from 8 t o  9 AH whereas tp specif icat ion 
cells fo r  10 AH and uere o n l y  about 603 of t h s t  obkined a t  25 C. 

A t  t h i s  point tho capacit ies did not meet the 

It was f e l t  t h a t  perhaps the llformationll s tep  as  coulometers had not been 
properly done and they were given t o  engineers i n  the R and D group who have 
been working on coulometers. 
separator,  a sandwich of  woven nylon cloth and separator, and the small 
amount of s p c e  above the p la te  asseribly which do not allow suf f ic ien t  elec- 
t r o l y t e  t o  remain i n  the c e l l  t o  fully c.ovor the plates.  

lee believe tha t  the d i f f i cu l ty  is due t o  the 
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BATTERY UIVIEION 

EtLIsFosw. N E W  YORK 1052s 

Due t o  th i s ,  the c e l l s  did not operate as coulometers but more l ike a sealed 
c e l l ,  since only minor amowits of gas were evolved on overcharge, Also, . 
the p la tes  used i n  these coulometers were taken from the same l o t  as those 
used f o r  c e l l s  100 through 135 which were or iginal ly  intended t o  be delivered 
as I t e m  1 cel ls .  
voltage on the -5OC overcharge t e s t  with these cells, they did not  meet the 
t e s t s  and c e l l s  i n  the group 273 through 310 a re  Item 1 cells. 

Consequcmtly, plates  of the same group used i n  these c e l l s  (Nos. 273 - 310) 
hava been retested (open cell) and t r i l l  be used for  the Item 1 coulomekrs. 
Some of the plates  will be used t o  make approximate3.y 1 5  c e l l s  with three 
types of separator f o r  a t e s t  t o  determine which separator w i l l  enable us t o  
makc sa t i s fac tory  codmeto r s .  Tie separators used w i l l  be: nylon woven 
c lo th  and cel laphno,  non-woven polypropylene cloth and non-woven nylon cloth.  
The woven nylon and cellophane i s  the same as was used f o r  coulometers C l O l  
t o  Cl09 described above and tho non-woven materials have been used i n  making 
three types of cylindrical ,  scaled coulometers, which have performed satis- 
factoi-ily. 

Due t o  the d i f f i c u l t i e s  encountered with pressure and 

Gorge A. Bmmstark 
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Act 

40 Cells 
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Act 

40 Cells 

5 Sed. 5 
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40 Cells 
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40 CeUs 

7 Sed, 
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, it Depending upon yield on Open Cell Test.  
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i .  SONOTONE 
G. humstark 
S. Herzlich 
A. B. Mundel '' From Po Scardaville 

CORPORATION 

Date April  11, 1967 

Subject Sampling of American Fel t  Polypropylene Felt  Available f o r  Use i n  ISIS Program 

~ 

Discussion 

There are f i f t e m  (15) rolls of polypropylene on hand i n  the  High 
Rel iab i l i ty  area. A f i v e  foot  long sample s t r i p  was cut from the  same 
posit ion of each r o l l  and ident i f ied  by an assigned r o l l  number. 
2 r o l l s  were also labeled by the  manufacturer a s  t o  t h e  bale number of t he  
polypropylene f i b e r  t h a t  was used t o  produce it, 

A l l  but 

The a i r  permability a t  0.5" %O of each sample was measured i n  three places 
designated A, B, and C. 
located a t  the beginning, middle and end of each sample s t r ip .  
was measured i n  three places across the area whose a i r  permeability was 
measured. 
foot was used without the  use of an additional weight. The wkight of a 
3" x 3'' square cut from ezch area where the  a i r  permeability was measured 
was recorded. 

These were randomly selected, but approximately a r e  
The thickness 

A Federal d i a l  micrometer gauge having a 0.5" diameter pressure 

These data a r e  l i s t e d  i n  Table 1.0. Table 2.0 l ists  the va r i ab i l i t y  
i n  parameters according t o  bale number. 
i n  parameters. It may be readi ly  seen that the  variations w i t h i n  some r o l l s  
are of the same order a s  t he  variation from r o l l  t o  r o l l  and bale t o  bale. 

Table 3.0 lists the  average va r i ab i l i t y  

Conclusion 

The var i ab i l i t y  is so great t h a t . i t i s  doubtful that any r o l l  is preferable 
t o  another i n  this regard. 

should be taken from r o l l s  of the same bale number t o  assure uniform 
chemical composition. 
permeability measurements t o  group them a s  closely as possible, eg: 

h t e r i a l s  selected f o r  rol ler- t reat ing t o  increase a i r  permeability 

They should be fur ther  selected by means of a i r  

&ZOCM/&. 
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Table 1.0 

* 

1 
, .  

, 
i 

' !  

i 

! 
i 
! 

. I  

i 

I 
. 1  

I 

. . .  

681019 

I 

68101'9 

I 

681019 
I 

I 

681019 

681019 

I 

681019 

39304 

I 

393% 
! 

393Q4 
! 

39815 

39269 
i 
I 

39336 

65 
80 
56 

132$ 
133 
347 

56 
75& 
41 

86 
57 

122 

75 
75 
86 

u 5  
56 
72 

20 
30 
35 

48 
47* 
45 

51 
32 
25 

66 
30 
66 

0,5370 
0.4.825 
0.5270 

0.4410 
0,4525 
0.4425 

0.5200 
0.5340 
0.5760 

0.4775 
0.4915 
0,4590 

0.4865 
0,4695 
0.4755 

0.4855 
0.5045 
0.5010 

0.5405 
0.5380 
0.5580 

0.5070 
0.5240 
0.4950 

0.4610 
0.5600 
0.5105 

0.5915 
0.6190 
0.5060 

0.4900 

0. 5005 
0.4955 

0.4615 
0.4895 
0.4705 

12.2 
10.7 
12.7 

11.8 
11.2 
11.6 

12.4. 
10.5 
11.7 

9.7 

11.1 
10.7 
11.3 

13.5 
10.9 
11.2 

11.6 
11.6 
12.2 

10.2 
10.2 
12.0 

11.2 
12.0 
12 .5  

12.5 
10.2 
10.7 

9.3 
10.7 
11.5 

10.6 
10.7 
12.5 

9.9 
9.9 
9.9 

15.2 
12.7 
11.1 

9.9 
9.9 
10.0 

10.0 
10.0 
9.9 

12.9 
9.5 
10.2 

12.3 
12.1 
12.1 

11.8 
11.5 
11.6 

10.2 
9.6 

11.8 

11.2 
11.7 
12.3 

13.2 
10.5 
11.8 

9.3 
10.4 
12.0 

10.5 
12.0 
13.8 

9.9 
1p.o 
9.9 

12.2 
12.5 
11.1 

9.8 
9.9 
11.1 

10.0 
9.9 
9.9 

! 

3 

4 

5 

6 

9.8 
11.7 

A 
B 
C 

12.0 
10.8 
12.5 

12.5 
10.5 
10.9 

9.3 
10.4 
14.0 

9.9 
10.8 
10.6 

9.9 
10.0 
9.8 

13 04 
12.5 

A 
! B  
I C  

7 A 
' B  

8 

9 

10 

ll 

l2 

A 
B 
C 

A 
B 
C 

A 
' B  

C 

: A  
i B  

C 

A 
B 
C 

* 

27 
55 
48 

128 
100 
98 

I 

! 
I I 
I , 

i 

9.9 
~ 9.9 

10.0 
I 
10.0 
10.0 

: 9.9 
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Table 1,O (Continued) 

' Roll Air Permeability Wgt of 9sq in 
CFM/sq f't @ 0,5"H30 Bale i 

- 1  

68947 
I 
! 

! 
none 

I 

none 

I '  

13 

x1 

x2 

I28 
100 
98 

40 
70 
n 
32 
75$- 
40 

0.4230 
0.4605 
0.4730 

0.5000 
0.5500 

Thickness ( m i l s  ) 

11.2 13.0 10.5 
10,8 10.7 11.0 
10.0 12.8 12.9 

10.0 12.0 11.3 
12.5 11.4 11.1 

0.5640 , 13.0 13 e3 10.6 

0.5125 9.5 10.0 9.7 
0.4955 10.5 11.2 12.0 

9.2 9.5 9.2 
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I Table 2.0 
I 
I 
I 

I 

Range of Parameters According t o  Bale Numbers 

Bale # Thickness A i r  Permeability @ W&/9 in* 
m i l s  CRd/ft2 gms 

*681019, (6 r o l l s )  

68947, (1 r o l l )  

39304, (3 ro l l s )  

39269, (1 r o l l )  

39336, (1 r o l l )  

39815, (1 r o l l )  

*Impounded for ISIS 

* .<’ 9.5 - 13.5 
10.0 - 13.0 

9.3 - u.0 

908 - 11.1 
9.8 - 10.0 

11.1 - 15.2 

41 - u7 
98 - 128 

20 - 51 
27 - 55 

98 - 128 
30 - 66 

0.4410 - 0.5760 
. 0.4230 - 0.4730 

0.4610 - 0.5600 

0.4900 - 0.5005 

0.4615 - 0.4895 

0.5060 - 0.6190 

I 

Table 3,0 

Overall Range of Parameters 

Thickness A i r  Permeability 0 wnt/9 in2  

9.3 - 15.2 ( m i l s )  20 - I47 cFM/ft* 0.4230 - 0.6190 g m ~  
I 
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SUMMARY OF ISIS REVIEW MEETING OF JAN. 31 AND FEB. 1 
AT ELMSFORD & COLD SPRING, N.Y. 

~ ' .  ' 

1 

, 9  I .  I .  I Attended by: 
I 

A. On January 31 by Dr. T. E. King of DCBRL; Messrs. 
* .  H. R. Raine, G. H. C. Mackie of DRTE;, Mr. R. Mc- I . " - _  

Cubbin of RCA-Montreal; and Messrs. P. Scardaville, 
E. Shields and G. Baumstark of Sonotone. 

a ,  B. On February 1, in addition to the above-mentioned 
(except for Mr. Scardaville), Mr. W. E. Threinen 
'of DRTE; Mr. E. D. Nelsen of NASA-Goddard; Messrs. 
J. A. Stewart, A. B, Mundel, L. Belove, E. F .  Murphy 
and F. Crozier of Sonotone. 

* .  

I 

I1 ; Meetings: 
L .  

.' 

+ *  

I ,  A. On January 31, at Elmsford, Dr. King and Mr. Mackie 
reviewed the information obtained from the manufact- 
urer of the non-woven polypropylene separator mater- 
ial (American Felt Co.) and the fiber manufacturers 

I .  (Dow, Reeves, Hercules) chiefly with respect to the . 
additives present in the separator (No. 305) which 
was used for the "F type" cells made in 1961 for 
the "Alouette" satellite. Some of these cells gave 

,. satisfactory performance in laboratory tests and 
subsequently in the Alouette spacecraft. No internal 

, cell pressure measurements were made with these cells, 

q approximately 400 P S I ) .  The primary criterion for 
satisfactory performance was low (below 1.5 volts) 
and steady voltage on low temperature overcharge. 

A number of additives are used in the manufacture of 

fiber and of cloth and probably some to improve pro- 

a great deal of uncertainty here, both as to the 
additives used, although we know something of their 

[!hat-are-made from lot-  to lot and - -  even -wi,thin_ 1ots.i 

' .  
. .  

. .  . I I -  : but they did not deform (indicating pressures below 
.1 . 

I .  

I .the material, some to improve processing, either of ' 

r \  perties for other uses of the material. There'is 

1 . '  , general nature, and to changes- in_'.these materials--_ : 
_ _  . -_  . 

* .  

'a t 
. I  . '  

i I 
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I . .  
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_ I  
I '  

. .  
t , .  
. .  

. .  

. .  
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. .  
. .  

2.  ' 

In addition to the information from the supplier, 
Dr. King summarized the work done by DCBRL and Mr. 
Scardaville described the work done by Sonotone 
on isolation of the materials present in the separator. 
A sample of material from which 16% of the material 
was-removed by solvent extraction was shown. Two 
samples of separator which had been mechancially 
manipulated between a corrucrated roller and a rubber 
roller by DRTE were also examined. 

Later, at Cold Spring, the permeabilities were 
measured. The solvent-extracted cloth was too 
weak, physically, to use for  cell assembly and the 
permeability was above 500 CFM (measured at 1/4 
inch water pressure). The samples of "roll mani- 
pulated" cloth varied between 80 and 120 CFM (at 
the standard 1/2 inch of water) within two pieces, 
each slightly less than 1 sq. ft. area. 

The meeting was continued at Cold Spring. Attempts 
were made $0 remove sufficient electrolyte for 
carbonate analysis from-two cells of the Alouette 
type by centrifugation. The amount removed was not 
sufficient. 
High Reliability Laboratory were explained including 
Quality Control Functions. A short tour of the 
plant was also made. 

The operations and equipment of the 

The Meeting Was Resumed on February 1, 1967 at Elmsford. 

1. The matters covered the preceding day were sumarized. 
a Further discussion of the separator took place. It 

was agreed that changes in separator, of unknown 
. nature and beyond our control, are responsible for 
,the performance (on overcharge at - 5 ° C )  compared 
kith satisfactory Alouette cells. DRTE represent- ' 
atives were of the opinion that the separator "add- 
itives" may be responsible for some of the carbonate 
present in the electrolyte. We stated that most of 

; the carbonate is derived from the plates. The re- 
sults of the last group of cells .(between a277 - 
and 311) , made with separator hand manipulated 'to 
permeabilities of 80 to 150 CFM, on both overcharge 

L .  

- - .  
_ _  

\ 

. .  i tests (the screening test and the Qualification test) 
' ,  

' 1  . ,  
* .  . b  

1 

'4 w 
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. . . . . ,  

. .  . . ,  
. . , .  . . . ,  , I .  

, ,.  . ., ' e .  
i .  

I. 

" were a great improvement over earlier work. . ,  

The pressures were above 100 PSI in many cells 
but on all except two cells, the pressure did 
not rise appreciably after 48  hours of the 120 
hour test; the voltages, however, were in many 
cases above the specification and did not corre- 
late with pressure. The results of the overcharge 
after "flushing" of cells and reduction of carbon- 
'ates where the pressure increased somewhat and 
the voltage decreased indicate that perhaps one 
of the additives in the separator, which is also 
a wetting agent, might be partially removed by 
"flushing" and thus change the cell character- 
istics unfavorably. It was agreed that the effect 
of addition of a wetting agent after "flushing" 
should be studied. The attainment of low electro- 
lyte carbonate without flushing would be desirable 
and Sonotone people agreed that this might be 
done by special treatment - minimum wait between 
operations - during processing of plates. Plate 
washing after processing has not proved uniformly 
successful whereas, in three or four instances, 
Sonotone has made vented cells with K2CO3 below 

We regularly store plates and core assemblies in 
polyethylene bags or closed plastic containers 
with a desiccant between operations. The matter 
of permeability of polyethylene to C 0 2  and water 
vapor as well as presence of plasticizers, etc. 

cizers in polyethylene but C02 permeability will 
be checked. 

With respect to other differences between Alouette 
I and Isis cells: the rolling operation, and result- 
ing tension is not greatly different; the amount 
of separator relative to plate or e,lectrolyte 
volume may have been slightly less for the Alouette 

I 

1 .  

J 

I ,.a' ,. 
, '  3% by "minimum delay" processing. 

1 was broughtup. We believe there are no plasti- 

a . 2 .  

. cells but within 10%. 

3 .  Mr. J. A. Stewart pointed out that Sonotone has 

* \  which is $48,000 and could not continue on this 

put much more money into this contract - approxi- 
mately $80,000 to date - than thte contract pri.ce 
basis without some financial-relief. 

* 

I 

. '. . 

I .  - 
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. a  

4 .  
. .  

. ,  . <  4 .  It was agreed that 20 cells of the group (cells 
, 277-311) which have completed part of the Qual- 

ification Test will be accepted, on waiver, pend- 
ing completion of the test - mainly X-Ray, vibration 
and acceleration tests. The waiver from NASA-Goddard 
will call for pressure and voltage on overcharge, 
capacity at +4OoC,  capacity range at all 3 tempera- 

conform. 
be made from the present 2% maximum K2CO3 to 4 % .  
Ten cells will be delivered to RCA, Montreal as , 

soon as these t e s t s  are completed and the waivers 
received. The other cells will remain at Sonotone 
as GFE for further tests to be agreed upon be- 
tween DRTE, NASA and Sonotone, such as addition 
of wetting agent, change of amount of electrolyte, 
etc. Of the 10 cells to be delivered to RCA, 
the 8 which have been "flushed" once shall not be 
"flushed" again before shipment; also 8 will be 
shipped sealed, and 2 will be shipped with pressure 
adapters. 

5 .  Mr. H .  Rain9 stated that the next shipment of 
cells was required no later: than June, 1967 and 
that there were 51 cells needed for the space- 
craft. Cells can be tested in groups of 48  with 
a test period of about 2 months with our present 
equipment. Mr. E. D. Nelsen asked what additional 
test equipment was needed to increase the test 

chamber, fixtures, transducers, and two recorders. 

The relative merits of the size of the next cell 
lot to meet this schedule was considered (whether 

[ 2 4  or 48). i  It was decided to use 24 (actually 30 
or more to give 24 for  Qualification Test) with 
plates for a like quantity to be prepared so that 
cells can be assembled as soon as we have results of 
the -5OC overcharge on the first gro6p. This will . .  
be done in such a manner that there will be a mini- 
mum of delay between the completion of the "open 
cell" test and core assembly. 

The separator for these cells will.be from a roll- 
set aside for Isis cells which will be sent to ' 

"special" rolls which are 8 to 10 inches width. 
The exact width that can be handled'will be given 

, A  recently will be used. Since these are similar 
to previous lots in time elapsed in processing, 

I . 

( tures, cell weights etc. so that these cells will 
A permanent specification change will 

! 

J 

. capability and was told that an environmental 

. 

* 

\ DRTE where it will be "manipulated" on their 

/ us by Mr. G .  Mackie. Plates which were pro,cessed 

- 
- 
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I etc. we expect that the electrolyte carbonate 
content of the cells will be above 4 %  as assembled. 
From the plate weights (sample of the lot) we ex- 
pect that the average weight for this lot of cells 
will be about 21 grams above the specification 450 
grams and 8 grams above the 464 grams. (Mod. No. 1 

and 2 cells). 

There was general agreement that the additive 
materials present in the separator and the nature 
of the separator is a major factor in cell per- 

is known about this at present. Furthermore, this 
is an area in which major improvements could be 
made. However, within the time schedules for 
delivery of these cells we cannot do this and must 
use the best knowledge we have now which is -- phy- 
sical manipulation of the separator. 

The matteq of where the "flushings" will be done to 
meet the revised 4 %  K2CO3 requirement was made clear. 
All agreed that this will be done during the Sonotone 
test before start of the Qualification Test. Assum- 
ing two such treatments, with 3 charge-discharge 
cycles before and after each treatment, are required 
this will increase the pre-Qualification Test per- 
iod to two weeks. Should a third be needed, this, 
means an additional week. 

I 
I of 3/28/55 and DRTE Telfax of 2/16/66 for Item 1 

I '  
__  

, 

I formance especially on overcharge and that little 

> 

7. 

'. 
8. Mr. Crozier brought up a number of specification 

changes which will clarify matters between our 
Q.C. Department and Mr. G. LeFloch, the DCAS re- 
presentative having to do with details of testing. 
Some of these changes have been requested by our 
Q.C.  Department and are being processed by;DRTE.I 
and NASA. 

Arrangements will be made by Mr. Nelsen with DCAS 
so that minor changes and waivers can be handled 

The status of the coulometer program is that the 
first group of 10 is on test.and we expect to 
deliver 6 approximately March 1, 1967. 

.more quickly. 
c 

0 

9. 
\ 

. .  1 
7 

. .  . . 
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To Those Lis ted Date March 2nd, 1967 

From S. Herzl ich h 

Subject: Minutes of ISIS Meeting: March 2nd, 1967 

Those P resen t :  Mr. Schools - NASA, Quality Engineering 
Mr. Tennuci - DRTE, Quality Engineering 
Mr. Mundel 
Mr .  Herzl ich 
Mr.  LeFloch 

i 

Summary:  

1. In o r d e r  to improve communication between 
Sonotone, DCASR, NASA and DRTE, Mr.  Schools 
requested that we furnish Mr. LeFloch copies of 
all pertinent l e t t e r s  and technical r epor t s  i s sued  
f o r  the ISIS program.  

2. It was agreed  that the periodic technical r epor t  sha l l  
include an addendum devoted to Quality Assurance  
and the Quality Status of ISIS cel ls .  
be prepared  by the Quality Assurance  superv isor .  

3. Mr.  Schools requested that we maintain a log book of 

The r epor t  should 

significant quality events.  
of each page be made  and forwarded to NASA and DRTE 
at regular  intervals .  
by Qual i ty  Assurance  supervis ing personnel  and the 
DCASR representat ive.  

He suggested that a copy 

Entries to the log could be made, 

4. In o r d e r  to determine whether there exists a signiri-  
cant  difference in the permeabili ty of polypropylene 
sepa ra to r  ma te r i a l  for  ISIS cel ls ,  it was suggested that 
a permeabili ty t e s t  be made  on samples  taken from 
each of the s ix  ro l l s  impounded for  this p rogram.  
was  reported that the polypropylene sen t  to DRTE was 
taken f r o m  a single rol l .  A s u m m a r y  of t e s t  data  
is requested within ten days. 

It 

5. Both DRTE and NASA request  a n  updated CIL , copies 
of the la tes t  drawings and Quality Specifications l i s ted  
on the CIL. 
ten days. 

We have been asked to comply within 

Action bv: 

E. Murphy 

Dr . Baums t a r k  

Herzl ich to init iate 
with Croz ie r  

P. Scardavi l le  

Dr .  Baumstark  and 
E. Murphy 

Addendum 4 



Those Lis ted t To 

: From 
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. .  

6 .  It was suggested that an investigation be made to 
de te rmine  a procedure for  storing plaques in  an  
i n e r t  environment (such as d r y  nitrogen) in  an 
effor t  to minimize the carbonate concentration in  
cells. 
existing procedures  which can minimize the 
carbonate concentration in  cells.  

In addition we were  asked to descr ibe  

7. W e  were  asked to consider an investigation of 
improved procedures  for  storing electrolyte  in 
o r d e r  to inhibit the carbonate  concentration. 

8. Housekeeping in  the High Reliability Department 
was considered to need improvement. 
concentrated effort  i s  required.  

A 

9 .  We a r e  required to comment on the advisability 
of continuing to pe r fo rm the helium leak t e s t  
on completed cells. 

Action by: 

Dr .  Baumstark . 

Belove to a s s ign  

W. Miller 
D. Woodbury 

S .  Herzl ich ~ 
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